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Inulin: An inadequate marker of glomerular filtration rate in
kidney donors and transplant recipients? During a systematic
evaluation of stable renal transplant recipients, we noted a
marked discrepancy between the inulin and creatinine clearance
values. The Ccr/Cin ratio was 1.02 0.02 in "normal" subjects
and 1.47 0.15 in 20 transplant recipients. The Cr/Cin ratio of 14
living related recipients (1.51 0.08) was not significantly dif-
ferent from that of cadaver recipients (1.37 0.04). Evaluation
of ten paired donors and recipients demonstrated a CcrlCin ratio
of 1.34 0.06 and 1.51 0.10, respectively (NS). In three do-
nors, the CcrICjn was 1.04 0.02 before nephrectomy and 1.25
0.08, 1 week after nephrectomy. The ratio in the recipients was
1.45 0.13 1 week after transplantation. Other markers of gb-
merular filtration, urea and iodothalamate (Jo), were evaluated.
Cre,/Ccr ratios were similar in normals, donors, and recipients
(0.62, 0.62, 0.55, respectively). The CureICin ratio was 0.63 in
normal subjects; it was, however, 0.72 0.05 in donors and 0.9
0.06 in recipients. C1,)Cc. and CIeJCI. ratios in normal subjects
were the same at 1.02 .04. CiJCcr ratio was 0.95 0.04 in
recipients and 0.96 0.03 in donors. The C1,1C1, ratio was 1.43
0.08 in recipients and 1.23 0.04 in donors. The data reveal a
marked discrepancy between Ccr and C1 in renal transplant re-
cipients whether living related or cadaver donors, as well as in
living related donors, were used. Furthermore, this discrepancy
is manifest by I week after transplantation in both donors and
recipients. Our data suggest that increased creatinine secretion is
not solely responsible for this discrepancy, and that there may be
an impairment to filtration of inulin at the level of the glomerulus.
Back diffusion of filtered inulin, although unlikely, cannot be
ruled out from the present data.
L'inuline: Indicateur de filtration glomerulaire inadéquat chez
les donneurs de reins et les sujets transplantés. Au cours d'une
étude systématique de malades transpiantés, en état stable, ii a
été observe une discordance importante entre les valeurs des
clearances de l'inuline et de La créatinine. Le rapport Cr/Cin est
de 1,02 0,02 chez les sujets normaux et de 1,47 0,15 chez 20
transplantés. Ce rapport n'est pas significativement different
chez 14 transplantés avec des reins de donneurs vivants appar-
entés (1,51 0,08) et des transplantés avec des reins de cadavres
(1,37 0,04). L'ëtude de dix paires de donneurs et receveurs a
montré un rapport de 1,34 0,06 et 1,5 0,10, respectivement
(NS). Chez trois donneurs le rapport était de 1,04 0,02 avant et
de 1,25 0,08 une semaine après Ia nephrectomie. Le rapport
était de 1,45 0,13 chez les receveurs une semaine après La
transplantation. D'autres marqueurs de Ia filtration glomerulaire,
l'urée et l'iodothalamate (Jo), ont été étudiés. Le rapport Curée/
Ccr est semblable chez les normaux, les donneurs et les rece-
veurs (0,62, 0,62, et 0,55 repectivement). Le rapport Curee/Cin
est de 0,63 chez les sujets normaux, mais de 0,72 0,05 chez les
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donneurs et de 0,9 0,06 chez les receveurs. Les rapports C10!
Ccr et C10/C10 sont semblables chez les sujets normaux (1,02
0,04). C10!C0 est de 0,95 0,04 chez les receveurs et de 0,96
0,03 chez les donneurs. Le rapport C10!C est de 1,43 0,08 chez
les receveurs et de 1,23 0,04 chez les donneurs. Ces résultats
révèlent une discordance entre Ccr et Ci,, chez les receveurs, que
ce soit de reins de donneurs vivants ou de cadavres, et chez les
donneurs apparentCs. De plus, cette discordance est évidente
une semaine après la transplantation a la fois chez les donneurs
et les receveurs. Nos résultats suggèrent qu'une augmentation
de Ia sécrétion de créatinine n'est pas seule responsable de Ia
discordance et qu'il peut y avoir une alteration de la filtration de
l'inuline dans le glonierule. La rétro-diffusion de l'inuline ne peut
pas ëtre éliminée a partir des résultats obtenus, encore qu'elle
paraisse peu probable.
Since its introduction in 1934 [1, 2], inulin clear-
ance has been considered the standard for measure-
ment of glomerular filtration rate (GFR) in normal
subjects [3]. Although exogenous creatinine clear-
ance in man may exceed inulin clearance, the clear-
ance of endogenous creatinine approximates that of
inulin and appears to be an excellent measure of
GFR in normal subjects [4]. Thus, the creatinine to
inulin clearance ratio has been shown to approxi-
mate unity in normal infants, children [5], and
adults [4]. Conversely, the creatinine to inulin clear-
ance ratiO is increased in moderate to severe renal
insufficiency [6—8]. This has been attributed to in-
creased secretion of creatinine, so that the clear-
ance of creatinine has been thought to overestimate
true GFR as measured by inulin clearance.
Because measurements of serum creatinine and
of creatinine clearances are readily available in
most clinical laboratories and are convenient, our
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renal transplant recipients are followed by serial de-
terminations of these measurements. During a sys-
tematic evaluation of renal transplant recipients, a
marked discrepancy between the clearances of
creatinine and inulin was noted. Thus, we decided
to investigate this discrepancy to determine which
marker approximated the true GFR and to investi-
gate the mechanisms by which this discrepancy oc-
curs.
Methods
Three groups of patients were studied: (1) 11 nor-
mal subjects. (2) 20 transplant recipients, and (3) 10
living related donors following nephrectomy. Clear-
ances of endogenous creatinine and inulin were
measured in each of the subjects; endogenous urea
clearance was measured in 32, and sodium iothala-
mate clearance was measured also in 23. Sodium
iothalamate was not given to those patients who had
a history of allergy to iodide or when the material
was unavailable at the time of study.
A blood sample was obtained to measure inuloid
blank, and then priming doses of inulin (50 mg/kg of
body weight) and of 1251-iothalamate (Glofil, Abbott
Laboratories; 40 .tCi) were given intravenously.
This was followed by a sustaining infusion of a
0.45% saline solution administered at a rate of 5 ml/
mm. This solution contained inulin and 1251-iothala-
mate in amounts calculated to maintain constant
blood concentrations.
After an equilibration period of at least 1 hour,
three or more clearance periods were obtained.
Each clearance period varied in length from 20 to
60 mm depending upon the subject's ability to
void. Urine was collected without the use of a Foley
catheter, to avoid the possibility of introducing in-
fection in immunosuppressed patients. It was as-
sumed that bladder emptying would be complete if
the subjects were allowed to void when they felt the
urge, and errors induced by incomplete voiding
were minimized by maintaining urine flow rates in
excess of 5 mI/mm throughout the clearance peri-
ods. Venous blood samples were obtained at the ex-
pected midpoint of each clearance period. All stud-
ies were performed in the fasting state and in the
supine position except for voiding.
Endogenous creatinine. using the Jaffe reaction,
and urea were measured by the Technicon autoana-
lyzer technique [9, 10]. lnulin was measured by the
Anthrone method [11]. This method has been vali-
dated in our laboratory and has been found to agree
closely with other methods used to measure inulin
clearance ('4C-inulin, resorcinol method). '251-io-
thalamate was measured in a gamma scintillation
spectrometer (Packard model 5360) in duplicate.
The standard formula (C = (UV)/(P)) was used
for the calculation of clearance where U, and P, are
the urine and plasma concentrations of substance x,
C, is its clearance, and V is urine flow rate. Inulin
and iothalamate blanks were subtracted from the
measured values for the calculations of the clear-
ances of these substances. Counts per minute per
unit volume were used for the '251-iothalamate
clearance calculation. All data are presented as
mean SEM. The unpaired t test was used for the
statistical analysis of all data between groups. The
paired t test was used to analyze data within groups.
The protocol used was approved by the Washing-
ton University Committee on Human Research,
and informed consent was obtained from all pa-
tients prior to study.
Results
The clearance values observed in individual pa-
tients for each test substance are shown in Tables I
to 3. In the normal subjects (Table 1), the values for
the clearances of creatinine, inulin, and iothalamate
Table 1. Comparison of creatinine, inulin, urea, and
251-iothalamate clearance values in normal subjectsu
Subjects
C, C1 C10
mi/mm
1 146.0 140.2 139.9
2 125.5 121.1 78.7 137.8
3 127.5 119.3 76.0
18.0
4 129.1 125.4 73.8
5 137.0 135.2 101.7
6 133.0 133.7 98.6 128.0
7 93.5
8
9 134.3 128.8 83.3 127.0
10 144.7 146.5 87.3 130.2
11 114.7 115.6 75.3 129.7
Mean
se
128.2 125.7 78.4 132.1
Each cle value is the mean SEM of at Icast three
clearance periods.
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Ccr C1 Curea C10
Subjects mi/mm
1b 79.7
96.0
3b 79.8
78.6
5b 88.2
52.7
82.2
8' 67.3
9b 83.2
10b 106.1
11 80.6
12C 76.7
l3C 71.5
14 103.8
64.0
15C 93.1
10.0
16 100.6
17 120.7
12.5
18' 90.5
19 70.9
20 106.5
Mean 86.4
SEM
Each clearance value
clearance periods.
Paired recipients to donors in Table 3
Cadaver recipients
One determination only
were in good agreement with one another, and, as
expected, urea clearance was approximately 60% of
the clearances of the other three markers of gb-
merular filtration. In both the transplant recipients
(Table 2) and the donors (Table 3), the relationships
between the clearances of creatinine, iothalamate,
and urea were similar to those seen in the normal
control subjects. In contrast to the results observed
Subjects
Ccr C1 Curea C10
mi/mm
1 81.3 61.0
2 86.0 64.4
—
3 84.2 78.3 54.2 77.6
4 74.7 42.3 31.4
5 150.3 98.1 68.3 116.0
6 98.7 79.7 60.7 100.7
7 89.7 7.26 50.0 87.9
8 78.0 59.0 39.4 71.2
9 89.5 68.1 55.5 90.8
10 117.5 96.1 69.8 123.9
Mean
SEM
95.0 72.0 52.6 94.1
OEach clearance value is the mean SEM of at least three
clearance periods.
— in the normal subjects, however, each of the trans-
— plant recipients and all but one of the transplant do-
nors had an inulin clearance that was markedly less
— than was the equivalent value for either creatinine
— or iothalamate clearance. These differences were
highly significant (in each instance P < 0.001 when
—
analyzed by the paired comparison t test) when in-
—
ulin clearance was compared to creatinine clear-
ance and to iothalamate clearance in the transplant
— recipients and in the transplant donors in whom the
values were obtained.
The upper panel of Fig. 1 compares the creatinine
to inulin clearance ratios in the three groups of sub-
jects. In the normal subjects, the values for creati-
nine and inulin clearances were not statistically dif-
ferent from one another, so that the ratio of creati-
nine to inulin clearance was close to unity (1.02
0.02). This is similar to ratios previously reported in
the literature [4, 12—16]. In the transplant recipients,
however, since creatinine clearances were sig-
nificantly greater than the inulin clearances, the
ratio of creatinine to inulin clearances was in-
creased to 1.47 0.15, a value which was signifi-
cantly higher than that observed in the normal
subjects (P <0.01). This ratio was increased in both
the recipients who had received a cadaver kidney
Table 2. Comparison of creatinine, inulin, urea, and
'251-iothalamate clearance values in transplant recipientsa
Table 3. Comparison of creatinine, inulin, urea, and
'251-iothalamate clearance values in kidney donorsa
60.0
83.2
14.3
41 6d
96.8
49.3
75.8
665d
75.0
80.4
48.0
3.6
80.2
54.1
35.2
62.0
41.5
47.0
55.9
60.3
5.9
89.6
11.0
51.7
58.9
3.9
50.8
6.4
77.1
51.3
3.0
87.2
83.1
65.6
46.0
65.4
60.6
is the mean
49.9
53.9
65.1
17.0
35.7
48.5
38.6
58.5
3.4
36.3
51.0
76.7
6.1
35.9
55.0
50.4
3.7
SEM of at least three
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and in those receiving an organ from a living related
donor. The ratios observed in these two groups of
recipients were not significantly different from one
another, and both were significantly elevated from
that seen in the normal subjects. In each of the
transplant donors studied after nephrectomy,
creatinine clearance was higher than the inulin
clearance measured simultaneously, so that in this
group of patients the creatinine to inulin clearance
ratio was increased above unity to 1.34 0.06.
Again, this ratio was significantly greater than that
observed in normals (P < 0.001). It did not dif-
fer significantly from that found in the transplant re-
cipients (P > 0.05).
The Jaffe reaction, used to determine creatinine
in urine and plasma or serum, gives a positive error
in the latter because of the interference of non-
creatinine substances. These noncreatinine
chromogens are absent from urine. When "true
creatinine" clearances are determined (by correct-
ing the plasma values for noncreatinine chromo-
gens), the creatinine clearances tend to exceed the
inulin clearance by approximately 20 to 40% [4].
When correction is not made for noncreatinine
chromogens in serum, however, the creatinine
clearance and the inulin clearance ratio are close to
one. This should be the case with the method used
in the present studies. To determine if a change in
noncreatinine chromogen in the serum of donor or
transplant patients could account for the discrepan-
cy in the creatinine inulin clearance ratio, we mea-
sured endogenous noncreatinine chromogen in the
serum of five normal subjects, two kidney donors,
and three transplant recipients using the method de-
scribed by Polar and Metcoff [17]. No significant
difference in the levels of noncreatinine chromogen
in serum or in the ratio of noncreatinine chromogen
to true creatinine was observed in the different sub-
jects studied. These observations exclude retention
of noncreatinine chromogen as a cause for the dif-
ference in the creatinine to inulin clearance ratios
observed in transplant patients versus normal sub-
jects. Furthermore, if noncreatinine chromogens
were to accumulate in the serum of donors or trans-
plant recipients, this would tend to decrease the
creatinine clearance values and to change the ratios
in a direction opposite to that observed in the pres-
ent studies.
In an attempt to further evaluate whether it was
the clearance of inulin or creatinine that approxi-
mated true GFR in the transplant donors and recipi-
ents, we investigated other markers of glomerular
filtration. The lower panels of Fig. 1 compare the
iothalamate, creatinine, urea, and inulin clearance
ratios in each of the groups of subjects. All the ra-
tios shown in this figure are based on the values
from patients in whom the two clearances being
considered were obtained simultaneously.
The iothalamate to creatinine clearance ratio in
the normal subjects averaged 1.02 0.04, in the
transplant recipients it was 0.95 0.04, and in the
donors it was 0.96 0.03. None of these values dif-
fered significantly from unity. These ratios compare
favorably with those previously reported in the lit-
erature and support the concept that the clearance
of iothalamate is a marker of true GFR. The iothala-
mate to inulin clearance ratios in our normal sub-
jects averaged 1.02 0.04 and again did not differ
significantly from unity, confirming previous stud-
ies which have demonstrated excellent concor-
dance between the clearances of these two markers
[16, 18—20]. In both the transplant recipients and do-
nors, however, when iothalamate clearances were
factored by inulin clearances, the ratios were in-
creased to 1.43 0.08 and 1.23 0.04, respective-
Normals Transplants recipients
1.50
1.25
Donors
I0C-)0
0(5
000
P<0.01 NS
NS P<0.01 P<0.02
(5]j
0
NS P<0.01 P<0.O1
Fig. 1. Comparison of creatinine (C ,.), maim (C1), urea
and iothalamate (C1,) clearance values in normal subjects,
transplant recipients, and donors.
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ly. Both of these values were significantly higher
than were those observed in the normal subjects (P
< 0.01 for each); they did not differ significantly
from one another.
When urea clearance was factored by creatinine
or inulin clearance in the normal subjects, the de-
rived clearance ratios were 0.62 0.06 and 0.63
0.06 (Fig. 1). In the transplant recipients and do-
nors, the urea to creatinine clearance ratios were
0.62 0.12 and 0.55 0.08—values which were not
significantly different from those obtained in the
normal subjects. The urea to inulin clearance ratio,
however, was increased in the recipients to 0.91
0.20 and to 0.72 0.05 in donors. Both of these
ratios are significantly greater than the comparable
ratio in the normal subjects or than the urea to
creatinine clearance ratios observed in any of the
groups of subjects.
Table 4 shows the results obtained in three do-
nors studied before and 1 week after unilateral ne-
phrectomy. The creatinine to inulin clearance ratio
was 1.04 0.02 before nephrectomy. This ratio in-
creased to 1.25 0.08, by I week after nephrecto-
my in the donor, whereas in the three recipients at I
week, the ratio was 1.45 0.13. These results in-
dicate that the discrepancy observed in the clear-
ances of creatinine and inulin was manifest within 1
week after transplantation.
One patient studied 14 years after transplantation
demonstrated a creatinine clearance of 59.6 ml/min,
an inulin clearance of 36.2 ml/min, and a urea clear-
ance of 32.4 ml/min.
In renal transplant recipients, the observed
creatinine clearances of 86.4 3.6 ml/min suggest a
relatively normal GFR, whereas the inulin clear-
ances of 60.6 3.6 ml/min suggest a moderate re-
duction of GFR. The value of serum creatinine in
these patients (1.22 0.18 mg/dl, Table 5) is more
consistent with the value for creatinine clearance
Table 4. Relationship of creatinine and inulin clearances before
and after nephrectomy or transplantatiorr
Cr C
n1/nin Cc'/Cjn
Donors (N = 3)
Before nephrectomy 129.97 124.97 1.04
<1 week after nephrectomy 83.83 67.90 1.25
Recipients (N = 3)
<lweekaftertransplant 85.17 60.76 1.45
Values are the means SEM.
Table 5. Mean serum creatinine and blood urea nitrogen for
normals, donors, and recipientsa
Recipients
Normals Donors Paired Combined
(N = 11) (N = 10) (N = 10) (N 20)
Serum creatinine,
mgldl 0.78 1.08 1.16 1.22
P <0.01 NS
BUN,mg/d/ 12.6 14.8
1.4
21.9
P NS <0.01
Data are presented for both those recipients that were paired
with donors (N = 10) and recipients of both living related and
cadavers (N = 20).
than it is with that for inulin clearance. Similarly,
the concentration of serum urea nitrogen (21.9
1.5 mg/dl) was more in keeping with the level of
GFR suggested by the value for creatinine clear-
ances, because these patients were all receiving
steroids as part of their therapeutic regimen.
I)iscussion
Inulin, a substance with a molecular weight of
5200 daltons, is filtered at the glomerulus and is nei-
ther reabsorbed nor secreted by the tubules; so the
clearance of inulin has long been considered the
standard marker of glomerular filtration in man un-
der conditions of either normal or decreased renal
function [3]. Creatinine, on the other hand, is a
small (mol wt, 113 daltons) substance which is pro-
duced from muscle metabolism. In the kidney it is
filtered and is not reabsorbed, but a small amount is
secreted under normal conditions. With normal ren-
al function, its clearance is similar to that of inulin
[4]. With renal functional impairment, however, the
creatinine to inulin clearance ratio is usually in-
creased. It has been thought that under these condi-
tions a greater percentage of excreted creatinine en-
ters the urine by tubular secretion so that creatinine
clearance overestimates true GFR [6—8]. As a mat-
ter of fact, the exogenous creatinine clearance in
subjects with renal insufficiency does not regularly
rise above the endogenous creatinine clearance af-
ter the injection of creatinine [4]. Sodium iothala-
mate is a nonprotein-bound triiodobenzoic acid de-
rivative, and it has a molecular weight of 614. Its
handling by the kidney is thought to be similar to
that of inulin, that is, filtered freely without tubular
reabsorption or secretion [21] so that reported io-
thalamate to inulin clearances have ranged between
0.93 and 1.09 [16, 18—20]. Urea has a molecular
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weight of 60 daltons and, under normal conditions,
is filtered and reabsorbed so that its clearance un-
derestimates GFR. Moreover, in both man and dog
urea clearance changes depending on the state of
hydration. Thus, under conditions of dehydration it
may be only 40% of the simultaneous inulin clear-
ance. Marked diuresis with urine flows of 20 mI/mm
do not increase the urea to inulin clearance ratio
above 0.6 in normal man. Urea clearance may ap-
proach inulin clearance under conditions of a
markedly reduced GFR in man and dog [22].
Our data reveal a marked discrepancy between
the clearances of creatinine and inulin in the renal
transplant recipients whether they received living
related or cadaver kidneys, as well as in the living
related donors, after transplantation. The observa-
tions from the recipients and donors studied 1 week
or less after transplantation suggest that this dis-
crepancy between the creatinine and inulin clear-
ances becomes apparent early in the post-
transplantation period and appears to persist indefi-
nitely, as exemplified by one patient studied 14
years after transplantation. These observations
agree with other published data [23] and suggest
that variables, such as medications, immunologic
status, handling and preservation of the trans-
planted kidney, or posttransplant acute renal fail-
ure, do not account for the discrepancy between the
clearances of inulin and creatinine.
There are several possible mechanisms by which
the observed discrepancy between creatinine and
inulin clearances could occur, resulting in the clear-
ances of creatinine exceeding those of inulin by 50%
or more. These are: (1) increased creatinine secre-
tion, (2) a change in the plasma ratio of true creati-
nine to noncreatinine chromogen, (3) back-diffusion
or reabsorption of inulin, and (4) impaired filtration
of inulin. The first of these explanations would not
appear to be the correct one. In the transplant do-
nors and recipients, the relationships between the
clearances of creatinine, urea, and iothalamate
were similar to those observed in the normal sub-
jects. Indeed, this is consistent with previous obser-
vations in which the creatinine to iothalamate clear-
ance ratios were found to remain constant in donors
studied before and after transplantation [24]. In-
creased secretion of creatinine would be expected
to decrease the urea to creatinine and iothalamate
to creatinine clearance ratios. It was only when the
clearances of iothalamate, creatinine, and urea
were factored by inulin clearance that ratios dis-
crepant from normal were observed in the trans-
plant donors and recipients. Regarding the second
possibility, it should be pointed out, as mentioned
in the Results section, that the ratio of non-
creatinine chromogen to true creatinine was not dif-
ferent in the serum of donors or transplant recipient
patients when compared to normal subjects.
Thus, the erroneous clearances in the transplant
donors and recipients would appear to be those of
inulin. It is not possible to determine from this
study whether the abnormal inulin clearances re-
sulted from tubular reabsorption or from impaired
filtration of inulin. We prefer, however, the latter
explanation. Under normal circumstances, inulin
has not been shown to be reabsorbed from the gb-
merular filtrate, nor has tubular reabsorption of in-
ulin been demonstrated in a variety of experimental
renal diseases in animals. In addition, there is in-
creasing evidence that glomerular permselectivity
characteristics may be altered with renal diseases
[25—30].
In the normal kidney, urea, creatinine, iothala-
mate, and inulin penetrate the glomerular barrier
completely so that the ratios of concentrations of
these substances in the filtrate and filtrand are close
to unity. Our observations suggest that in persons
with single kidneys, the smaller molecular weight
markers of filtration such as urea, creatinine, and
iothalamate can still cross the glomerular barrier
freely so that the clearances of creatinine and io-
thalamate probably reflect true GFR. In contrast,
the filtration of the larger molecular weight sub-
stances such as inulin (Rs 14 to 17 A) may be some-
what impeded at the level of the glomerulus, result-
ing in its clearance being reduced.
Although the mechanisms responsible for the
proposed decrease in glomerular permeability to in-
ulin cannot be determined from the present data, a
possible explanation may be provided by studies
published by others [31, 32]. When glomerular fil-
tration occurs by diffusion, as well as by con-
vection, mathematical models indicate that patterns
of glomerular permselectivity would be affected not
only by changes in the characteristics of the gb-
merular basement membrane but also by changes in
the determinants of glomerular filtration such as
glomerular plasma flow, mean transcapillary hy-
draulic pressure difference, the ultrafiltration coeffi-
cient, and initial gbomerular capillary plasma pro-
tein concentration [28]. According to these calcu-
lations and subsequent experimental verification,
an increase in effective renal plasma flow results in
altered glomerular permselectivity [31, 32] and
could cause the alterations in clearance ratios that
were observed in this study. Indeed, after unilateral
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nephrectomy, effective renal plasma flow is known
to increase in the remaining kidney in the donor, as
well as in the kidney in the recipient in the absence
of rejection [24, 33-39]. Although renal plasma flow
was not measured in our study, the clearance of
PAH in the remaining single kidney in the donors of
previously cited studies [24, 33—39] averaged 70.0%
of the preoperative value observed in these subjects
when they had two kidneys. The comparable value
for the recipients was 71.6%. Thus, renal plasma
flow per kidney was increased by about 40% in both
the transplant donors and recipients. We suggest
that this increased blood flow to these kidneys
could be in part responsible for altered permselec-
tivity to inulin and for the abnormal clearance ratios
observed in these kidneys. Other factors, however,
such as changes in transcapillary hydraulic pressure
or in the ultrafiltration coefficient could also con-
tribute to the proposed alteration in permselectivity
to inulin in the remaining kidney of donors or in the
transplanted kidney. The average clearances of in-
ulin and creatinine of donors and recipients as per-
centage of two-kidney donor function reported in
the studies cited [24, 33—39] demonstrate an inulin
clearance of 59.6% for donors and 50.2% for recipi-
ents. Creatinine clearance was 74% for donors but
unreported in recipients. In our study, inulin clear-
ance was 59% for donors and 49.7% for recipients.
Creatinine clearance was 78% and 71% in donors
and recipients, respectively. Thus, the inulin and
creatinine clearance values reported in our study
agree with data previously published.
Summary. A selective decrease in the clearance
of inulin relative to clearances of other markers of
glomerular function has been demonstrated in
transplant recipients and living related donors stud-
ied 6 months to 14 years following transplantation.
The decreased clearance can be seen within 1 week
of transplantation in both donor and recipient and
appears to persist indefinitely. The mechanisms re-
sponsible for the decrease in inulin clearance rela-
tive to clearances of other markers of glomerular
filtration rate cannot be established from the pres-
ent data. A decreased glomerular permeability to in-
ulin is suggested as a possible mechanism. The
data, however, do not exclude the possibility that
there could be tubular reabsorption of inulin from
the glomerular filtrate.
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